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2.1 fs ( 630 nm / 3 x 108 m/s = 2.1 fs )である．パ
ルス時間幅の圧縮においては，実験的には光電場振動の
二周期程度までにしか圧縮できない．そのため，パルス





     Δt・Δ ν≧  k            (1) 
     Δ t：パルスレーザー光のパルス半値全幅（s） 
     Δ ν：パルスレーザー光スペクトルの半値全幅（Hz） 
     k：ビームの強度分布ごとに決まる定数 
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測定に用いるパルスレーザー光の強度分布はガウス型で
あるため，k = 0.441 である．また，パルスレーザー光
































時間幅：100 fs， 繰り返し周波数：1 kHz，パルスエネ
ルギー：3 mW，偏光方向：縦）を光源として用いて，   
図１の装置を構築した4．可視-極限的超短パルスレーザ
ー光は以下４つの過程を経て発生させる．①高強度紫外







 非共直線光パラメトリック増幅4（NOPA : noncollinear 










































いパルスレーザー光（中心波長 ： 800 nm，スペクトル
の半値全幅 ： 10 nm）を，可視領域に広がったパルスレ












3 x 108 m/s であるため，2.7 fs で 800 nm 進行する．










































































































ば，400 nm（25000 cm-1）のパルスレーザー光を NOPA-
励起光に用いて 500 nm（20000 cm-1）の光を増幅したと
する．この場合，NOPA-励起光の残りのエネルギーである
2000 nm（5000 cm-1）の光が放出される．各波長に対応
46 神奈川大学工学研究所所報　第 38 号
 Ti:サファイアレーザー光（中心波長：800 nm，パルス
時間幅：100 fs， 繰り返し周波数：1 kHz，パルスエネ
ルギー：3 mW，偏光方向：縦）を光源として用いて，   
図１の装置を構築した4．可視-極限的超短パルスレーザ
ー光は以下４つの過程を経て発生させる．①高強度紫外







 非共直線光パラメトリック増幅4（NOPA : noncollinear 










































いパルスレーザー光（中心波長 ： 800 nm，スペクトル
の半値全幅 ： 10 nm）を，可視領域に広がったパルスレ












3 x 108 m/s であるため，2.7 fs で 800 nm 進行する．










































































































ば，400 nm（25000 cm-1）のパルスレーザー光を NOPA-




してこのアイドラー光が発生するため，500 ～ 700 nm
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してこのアイドラー光が発生するため，500 ～ 700 nm
















































































































































































































Penta-O-acetyl-β-D-glucopyranose (1).5  
To a gently refluxed Ac2O (280 mL, 3.0 mol) containing 
anhydrous sodium acetate (12 g, 0.14 mol) was slowly added 
powdered D-glucose (50.0 g, 0.28 mmol) over a period of 15 
min. After the mixture was heated to reflux for more 10 min, 
the mixture was cooled to room temperature. The reaction was 
then quenched by addition of ice, and stirred at 0 °C for 1 h. 
During this treatment, 1 was precipitated as brownish white 
solid (crude pentacetate). The precipitation was filtered and 
washed with water until the odor of the acetic acid disappeared. 
The crude product was purified by recrystallization with EtOH 
to afford 1 (86.6 g, 80% yield); mp 132-135 °C (colorless 
prisms); IR (KBr disk) 1755, 1740 cm–1; 1H NMR (500 MHz, 
CDCl3)  J = 5.71 (d, J = 8.2 Hz, 1H), 5.24 (dd, J = 9.8, 9.4 Hz, 
1H), 5.16-5.10 (m, 2H), 4.29 (dd, J = 12.6, 4.6 Hz, 1H), 4.11 
(dd, J = 12.6, 2.3 Hz, 1H), 3.84 (ddd, J = 9.8, 4.6, 2.3 Hz, 1H), 
2.11 (s, 3H), 2.09 (s, 3H), 2.03 (s, 6H), 2.01 (s, 3H); 13C NMR 
(125 MHz, CDCl3) J = 170.7, 170.2, 169.5, 169.4, 169.1, 91.8, 
72.9, 72.8, 70.3, 67.9, 61.6, 20.9, 20.8, 20.7. 
 
Phenyl 2,3,4,6-tetra-O-acetyl-thio-β-D-glucopyranoside (2).6  
Under an argon atmosphere the pentaacetate 1 (50 g, 128 
mmol) was dissolved in anhydrous CH2Cl2 (500 mL) and 
BF3•Et2O (21.0 mL, 166 mmol) was added at 0 °C. At –5 °C 
thiophenol (21.0 mL, 192 mmol) was added dropwise, and the 
reaction mixture was allowed to warm to room temperature. 
After consumption of starting pentaacetate 1 saturated sodium 
bicarbonate solution was added until all BF3 was hydrolyzed. 
The organic layer was washed with water and saturated sodium 
bicarbonate solution three times. The combined organic layer 
was dried over MgSO4, filtered, concentrated in vacuo. The 
resulting residue was purified on a column of silica gel with 
hexane-EtOAc (3:1-2:1 v/v) to give -thio glycoside 2 (45.6 g, 
81% yield); colorless needles (hexane-EtOAc), mp 
115-117 °C; IR (KBr disk) 1748 cm–1; 1H NMR (CDCl3, 500 
MHz) δ 7.51-7.29 (m, 5 H, PhH), 5.17 (dd, J = 9.2, 9.2 Hz, 1H, 
H-3), 5.05 (dd, J = 9.7, 9.6 Hz, 1 H, H-2), 4.95 (dd, J = 9.2, 9.6 
Hz, 1H, H-4), 4.70 (d, J = 9.9 Hz, 1H, H-1), 4.21-4.18 (m, 2H, 
H-6a,b), 3.80-3.65 (ddd, 1H, H-5), 2.08, 2.07, 2.01, 1.98 (each 
s, 12H, COCH3); 13C NMR (CDCl3, 125 MHz) δ 170.3, 170.1, 
169.2, 169.0, 133.7, 128.7, 85.9, 76.2, 74.4, 70.3, 68.5, 62.3, 




図 12 化合物2 の 1H NMR スペクトルチャート 
Phenyl 1-thio-β-D-glucopyranoside (3).7  
To a solution of tetra acetate 2 (10.0 g, 22.7 mmol) in methanol 
(200 mL) sodium methoxide-methanol solution (5 mL of 1 M 
solution) was added and stirred at room temperature for 1 h. 
After consumption of starting tetra acetate 2 on TLC with 
hexane-EtOAc (2:1 v/v), the mixture was neutralized by ion 
exchange resin (Dowex 50W-X8, H+ form), filtered off, and 
concentrated in vacuo to give 3 (6.05g, 98% yield), which was 
used without further purification; mp 103-105 °C; IR (KBr 
disk) 3405, 1583, 1480 cm–1; 1H NMR (500 MHz, CD3OD) δ 
7.56 (m, 2H), 7.26 (m, 3H), 4.59 (d, J = 9.8, 1H), 3.86 (dd, J = 
12.0, 1.8 Hz, 1H), 3.38 (dd, J = 8.6 Hz, 1H), 3.30 (m, 2H), 3.26 
(dd, J = 12.0, 5.4 Hz, 1H), 3.21 (dd, J = 9.7, 8.7 Hz, 1H); 13C 
NMR (125 MHz, CDCl3) δ 135.3, 132.8, 129.7, 128.3, 89.4, 
82.1, 79.7, 73.8, 71.4, 62.7. 
 
Phenyl 2,3,4-tri-O-benzyl-1-thio-6-O-triphenylmethyl-β-D- 
glucopyranoside (5).8  
A solution of 3 (1.0 g, 3.67 mmol) and triphenylmethyl 
chloride (1.33 g, 4.77 mmol) in pyridine-CH2Cl2 (50 mL, 1:1 
v/v) was stirred at room temperature for 24 h. After completion 
of starting compound on TLC with CHCl3-MeOH (8:1 v/v), 
the reaction mixture was poured into brine and extracted with 
CHCl3. The combined organic layer was washed with water, 
dried over MgSO4, and concentrated in vacuo. The resulting 
residue was purified on a column of silica gel with EtOAc to 
give phenyl 1-thio-6-O-triphenylmethyl-β-D-glucopyranoside 
(4)8 (1.51 g, 80% yield). To a mixture of 4 (1.0 g, 1.94 mmol) 
and NaH (312 mg, 7.8 mmol dispersed in 60 % mineral oil) in 
dry DMF (30 mL) was added dropwise benzyl bromide 
(BnBr) (0.83 mL, 7.0 mmol) at 0 °C. The resulting mixture 
was stirred at room temperature for 5 h. Excess BnBr and NaH 
was quenched with Et3N (0.5 mL) and methanol (1 mL), 
poured into brine, extracted with EtOAc. The combined 
organic layer was washed with brine, dried over MgSO4, and 
concentrated in vacuo. The resulting residue was purified on a 
column of  silica gel with hexane-EtOAc (3:1 v/v) to give 5 
as a yellow syrup (1.27 g, 83% yield); 1H NMR (500 MHz, 
CDCl3) δ 7.16-7.52 (m, 35H, PhH), 4.56-4.93 (m, 6H, 
OCH2Ph), 4.31 (d, 1H, J = 10.2 Hz, H-1), 3.74 (dd, 1H, J = 9.5 
Hz, H-3), 3.58-3.69 (m, 3H, H-6, H-6’, H-4), 3.45 (dd, 1H, J = 
9.5 Hz, H-2), 3.26 (m, 1H, H-5); 13C NMR (125 MHz, CDCl3) 
 138.3, 138.1, 137.6, 133.8, 131.9, 128.9, 128.8, 128.5, 128.4, 
128.2, 128.1, 127.8, 127.6, 127.4, 126.9, 87.3, 86.8, 86.5, 80.8, 
78.8, 76.7, 76.0, 75.4, 75.0, 72.1, 62.4. 
Phenyl  2,3,4-tri-O-benzyl-6-O-(N-phenylcarbamoyl)-1-  
thio--D-glucopyranoside (7).  
A mixture of 5 (1.01 g, 1.29 mmol) in 70% acetic acid solution 
(50 mL) was stirred at room temperature for 12 h. After 
consumption of 5 on TLC with hexane-EtOAc (2:1 v/v), the 
mixture was concentrated in vacuo. The resulting residue was 
purified on a column of silica gel with hexane-EtOAc (2:1-1:1 
v/v) to give 68 (642 mg, 92 % yield). Next to a solution of 6 
(501 mg, 0.923 mmol) in dry pyridine (20 mL) was added 
phenyl isocyanate (0.12 mL, 1.1 mmol) at 0 °C and stirred for 
1 h. After completion of the starting compound on TLC with 
hexane-EtOAc (2:1 v/v), the mixture was evaporated in vacuo. 
The resulting crude crystal was purified by recrystallization 
with hexane-EtOH to give 79 (532 mg, 87% yield); []D25 
+8.9° (c 1.51, CHCl3); mp 131-132 °C (hexane-EtOH, 
colorless needles); IR (KBr disk) ν 3369 cm–1 (NH), 1703 cm-1 
(C=O); 1H NMR (600 MHz, CDCl3)  7.55-7.06 (m, 25H, 
PhH), 6.55 (br s, 1H, CONH), 4.94, 4.87 (each d, 2H, J = 10.8 
Hz, OCH2Ph), 4.93, 4.75 (each d, 2H, J = 10.2 Hz, OCH2Ph), 
4.85, 4.62 (each d, 2H, J = 10.2 Hz, OCH2Ph), 4.67 (d, 1H, J = 
10.2 Hz, H-1), 4.44 (br d, 1H, J = 12.0 Hz, H-6), 4.34 (m, 1H, 
H-6’), 3.74 (br dd, 1H, J = 9.0, 9.0 Hz, H-5), 3.57-3.53 (m, 2H, 
H-3, H-4), 3.50 (dd, 1H, J = 10.2, 9.0 Hz, H-2); 13C NMR (150 
MHz, CDCl3)  138.2, 137.8, 137.5, 133.3, 132.4, 129.1, 128.8, 
128.5, 128.5, 128.5, 128.4, 128.3, 128.2, 127.8, 123.5, 118.5, 
87.6, 86.7, 81.0, 77.2, 77.1, 75.8, 75.5, 75.0; Anal. Calcd for 
C40H39NO6S (661.81) C, 72.59; H, 5.94; N, 2.12, found C, 
72.21; H, 5.60; N, 1.99; HRMS (ESI-TOF) calcd for C40H 
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高周波回路の解析・設計理論の整備と対応ソフト開発 




Construction of high frequency circuit analysis/synthesis theory   
and development of the corresponding software 
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る超高速WPAN（wireless personal area network），超
低消費電力のセンサネットワークと，準ミリ波帯（22 ～ 
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